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Overview 
•  Challenges in Cancer Informatics 

•  Disruptive Technologies 

•  NCI Genomics Data Commons 

•  NCI Cloud Pilots 

•  NGS and adaptive trial design 

•  Building a national learning health system 
for cancer clinical genomics 



•  The NCI has several large multi-technology projects underway. Two 
of them, TCGA and TARGET, are well established resources with 
rich information on tissue imaging, pathology imaging, radiological 
imaging, somatic variation, genome structural rearrangements, 
miRNA sequencing, mRNA sequencing, and protein expression 
measurements. The talk will highlight some of the scientific findings 
from TCGA and provide information about the creation of the 
Genomics Data Commons by the NCI Center for Cancer Genomics, 
as well as the role of the NCI Cloud Pilots in providing broad 
community access to these very important information resources. A 
discussion of the new molecular trials, MPACT and MATCH, that 
incorporate biomarker evidence into the arm selection process for 
the assignment of treatment will be given. These resources and 
trials will provide additional evidence to enable the optimal treatment 
of cancer. Also included is a discussion of the informatics design 
and architectural decisions, information workflows and tools used by 
these projects. 



Cancer relevance 
•  Challenges for Cancer Informatics 
•  Disruptive technologies 
•  Drivers for social benefit in cancer 

research 



National Challenges in Cancer 
Informatics 
•  Lowering barriers to data access, 

analysis and modeling for cancer 
research 

•  Integration of data and learning from 
basic and clinical research with 
cancer care that enable prediction 
and improved outcomes 



We need: 
•  Open Science (Open Access, Open Data, 

Open Source) and Data Liquidity for the 
cancer community 

•  Interoperability through CDEs and Case 
Report Forms mapped to standards 

•  Semantic interoperability by exposing 
existing knowledge through proper 
integration of ontology 

•  Sustainable models for informatics 
infrastructure, services, data 



Where	  we	  are	  
Disrup've	  technologies	  	  
Ge3ng	  social	  
Open	  access	  to	  data	  



Disrup-ve	  Technologies	  
•  Printing 
•  Steam power 
•  Transportation 
•  Electricity 
•  Antibiotics 
•  Semiconductors &VLSI design 
•  http 
•  High throughput biology 

Systems	  view	  	  -‐	  end	  of	  reduc'onism?	  	  



Precision	  Oncology	  

•  The	  era	  of	  precision	  medicine	  and	  precision	  
oncology	  is	  predicated	  on	  the	  integra'on	  of	  
research,	  care,	  and	  molecular	  medicine	  and	  
the	  availability	  of	  data	  for	  modeling,	  risk	  
analysis,	  and	  op'mal	  care	  

How	  do	  we	  re-‐engineer	  
transla6onal	  research	  policies	  
that	  will	  enable	  a	  true	  learning	  

healthcare	  system?	  





Disrup-ve	  Technologies	  
•  Printing 
•  Steam power 
•  Transportation 
•  Electricity 
•  Antibiotics 
•  Semiconductors &VLSI design 
•  http 
•  High throughput biology 
•  Ubiquitous computing 

Everyone	  is	  a	  data	  provider	  
Data	  immersion	  

World:	  
6.6B	  ac-ve	  mobile	  contracts	  
1.9B	  smart	  phone	  contracts	  
1.1B	  land	  lines	  
World	  popula-on	  7.1B	  

US:	  
345M	  ac-ve	  mobile	  contracts	  
287M	  smart	  phone	  contracts	  
US	  popula-on	  313M	  



What about social media? 

•  Social media may be one avenue for 
modifying behaviors that result in cancer 

•  Properly orchestrated, social media can  
have dramatic impact on quality of life 
for patients and survivors 

•  It can reach into all segments of our 
society, including underserved populations 



Public Health 

•  These three modifiable factors  - 
infectious disease, smoking, and poor 
nutrition and lack of exercise contribute 
to at least 50% of our current cancer 
burden. And the cost from loss of quality of 
life, pain and suffering is incalculable. 



Some NCI NGS activities 

•  TCGA, TARGET and ICGC 
– Cancer Genomics Data Commons 

– NCI Cloud Pilots 

•  Molecular Clinical Trials: 
– MPACT, MATCH, Exceptional Responders 



Data are accumulating! 



From the Second Machine Age 

From:	  The	  Second	  Machine	  Age:	  Work,	  Progress,	  and	  Prosperity	  in	  a	  Time	  of	  Brilliant	  
Technologies	  by	  Erik	  Brynjolfsson	  	  &	  Andrew	  McAfee	  	  



Molecular data is Big Data 

•  Brief trip down memory lane 
•  Sequencing and the Human Genome 

Project 







GenBank High Throughput 
Genome Sequence (HTGS)  



February 12, 2001 



HGP outcomes 
•  $5.6B	  investment	  in	  2010	  dollars	  

•  $800B	  economic	  development	  

•  Enabled	  many	  basic	  discoveries,	  clinical	  
therapies	  and	  diagnos'cs,	  and	  applied	  
technologies	  



Assays	  and	  Data	  Types	  
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Next Gen Sequencing technologies 

NGS	  data	  

DNA-‐seq	   ChIP-‐seq	  RNA-‐seq	  

Variant	  and	  Copy	  
Number	  Varia-on	  

(CNV)	  

Variant	  

Fusion	  

Expression	   Protein-‐DNA	  
interac-on	  

Variants:	  inser'ons,	  dele'ons	  (indel)	  	  SNPs	  

Methyl-‐seq	  

Methylcytosine	  and	  
hydroxymethylcytosine	  



Methyl-seq 

Li	  and	  Tollefsbol,	  Methods	  Mol	  Biol.	  2011;	  	  
791:	  11–21.	  doi:	  10.1007/978-‐1-‐61779-‐316-‐5_2	  



Methyl-seq 

Li	  and	  Tollefsbol,	  Methods	  Mol	  Biol.	  2011;	  	  
791:	  11–21.	  doi:	  10.1007/978-‐1-‐61779-‐316-‐5_2	  



RNA-seq 

Courtesy	  of	  Vincent	  Montoya	  



RNA-seq 

Courtesy	  of	  Vincent	  Montoya	  



ChIP-seq 



ChIP-seq 



ChIP-seq 



TCGA history 

•  About three years post-HGP 
•  Initiated in 2005 
•  Collaboration of NHGRI and NCI to 

examine GBM, Lung and Ovarian cancer 
using genomic techniques in 2006. 

•  Expanded to 20+ tumor types. 



TCGA drivers 
•  Providing high quality reference sets for 

20+ tissue types 
•  Providing a platform for systems biology 

and hypothesis generation 
•  Providing a test bed for understanding the 

real world implications of consent and data 
access policies on genomic and clinical 
data. 
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Focus on TCGA 
•  TCGA consortium slides 
•  Thanks to Lou Staudt and Jean Claude 

Zenklusen 



TCGA –  
Lessons from 

structural 
genomics#

Jean Claude Zenklusen, 
Ph.D. 
Director 
TCGA Program Office 
National Cancer Institute 



The Mutational Burden of Human Cancer!

Mike Lawrence and Gaddy Getz 

Increasing genomic#
complexity#

Childhood#
cancers#

Carcinogens#





Response of RCC#
To Everolimus#

Everolimus#
Placebo#

mTOR mutations#
Progression-free survival#

(months)#

PI(3)K aberrations (28% of cases)#

Frequent Activation of the PI(3)K Pathway in#
Clear Cell Renal Carcinoma#

Motzer et al Lancet 372:449 (2008)#
Hakimi et al Nat Gen 45:849 (2013)#
Sato et al Nat Gen 45:860 (2013)#
TCGA Nature 499:45 (2013)#





TCGA Nature 497:67 (2013)#

Molecular Subgroups Refine Histological Diagnosis#
Of Endometrial Carcinoma#

POLE#
(ultra-#

mutated)#
MSI#

(hypermutated)#
Copy-number low#

(endometriod)#
Copy-number high#

(serous-like)#

Histology#

Mutations#
Per Mb#

PolE#
MSI / MSH2#

Copy ##
PTEN#

p53#

Serous#
misdiagnosed#

as endometrioid?#
Endometrioid#
Serous#

Histology#



TCGA Nature 497:67 (2013)#

Molecular Diagnosis of Endometrial Cancer May#
Influence Choice of Therapy#

POLE#
(ultra-#

mutated)#
MSI#

(hypermutated)#
Copy-number low#

(endometriod)#
Copy-number high#

(serous-like)#

Histology#

Mutations#
Per Mb#

PolE#
MSI / MSH2#

Copy ##
PTEN#

p53#

Adjuvant#
chemotherapy?#

Adjuvant#
radiotherapy?#

Surgery only?#



GDC!

NCI Cancer Genomics Data Commons!

NCI Genomics#
Data Commons#

Genomic +#
clinical data#

.	  .	  .	  	  



GDC!

NCI Cancer Genomics Data Commons!

NCI Genomics#
Data Commons#

Genomic +#
clinical data#

.	  .	  .	  	  

Cancer#
information#

donor#



GDC!

Identify#
low-frequency#
cancer drivers#

Define genomic#
determinants of response#

to therapy#

Compose clinical trial#
cohorts sharing#

Targeted genetic lesions#

Cancer#
information#

donor#

Utility of a Cancer Knowledge Base 



Driver for the Cloud Pilots 
•  An inflection point for TCGA is looming 
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NCI Cloud Pilots 
•  Funding for up to 3 cloud pilots  - 24 

month pilots that are meant to inform the 
Cancer Genomics Data Commons 
– Explore models for cancer genomics APIs 

– Explore cloud models for data+analysis 

•  Announced this week: The Institute for 
Systems Biology, The Broad Institute, and 
Seven Bridges will be the initial consortium 



NCI Cloud Pilots 
•  A way to move computation to the data 
•  Sustainable models for providing access 

to data 
•  Reproducible pipelines for QA, variant 

calling, knowledge sharing 
•  Define genomics/phenomics APIs for 

discovering new variants contributing to 
cancer, enhancing response, modulating 
risk 



GDC!

Relationship of the Cancer Genomics 
Data Commons and NCI Cloud Pilots !

NCI Cloud  
Computational Centers#

Periodic	  
Data	  Freezes	  

Search	  /	  
retrieve	  

Analysis	  
NCI Genomics#
Data Commons#



 Cancer Genomics Cloud Pilots  



CITATION:	  Bao	  et	  al.	  Review	  of	  Current	  Methods,	  Applica'ons,	  and	  Data	  Management	  for	  
the	  Bioinforma'cs	  Analysis	  of	  Whole	  Exome	  Sequencing.	  Cancer	  Informa6cs	  2014:13(s2)	  	  
67–82	  doi:	  10.4137/CIn.s13779.	  
	  
	  



WES  
workflow 
figure	  1.	  A	  general	  framework	  of	  WES	  
data	  analysis.	  Five	  major	  steps	  are	  
shown:	  raw	  reads	  QC,	  preprocessing,	  
alignment,	  post-‐processing,	  and	  
variant	  analysis	  (variant	  calling,	  
annota'on,	  and	  priori'za'on).	  
Notes:	  FASTQ,	  BAM,	  variant	  call	  
format	  (VCF),	  and	  TAB	  (tab-‐delimited)	  
refer	  to	  the	  standard	  file	  format	  of	  
raw	  data,	  alignment,	  variant	  calls,	  and	  
annotated	  variants,	  respec'vely.	  A	  
selec'on	  of	  tools	  suppor'ng	  each	  
analysis	  step	  is	  shown	  in	  italic.	  	  
	  



Figure	  4.	  Counts	  of	  variants	  detected	  by	  four	  callers	  with	  alignment	  
generated	  by	  three	  aligners	  as	  shown	  in	  Venn	  diagram	  of	  (A)	  SNVs	  
and	  (B)	  indels.	  	  
	  



RNAseq: fusion analysis workflow 

Raw	  Reads	  

QC	  (FastQC)	  

Align	  to	  reference	  genome	  
(Mapsplice,	  STAR,	  Novoalign)	  

	  QC	  (RSeQC)	  

Data	  pre-‐processing	   Gene	  fusion	  

Fusion	  detec-on	  

Defuse	  

ChimerDB	  
(A	  knowledgebase	  for	  fusion	  sequences)	  

Tophat-‐Fusion	  

FusionMap	  

Snowshoes-‐FTD	  

ChimeraScan	  

ChiTaRS	  
(A	  database	  of	  chimeric	  transcripts	  and	  

RNAseq	  data)	  



RNAseq: variant analysis workflow 

Raw	  Reads	  

QC	  (FastQC)	  

Align	  to	  reference	  genome	  
(Mapsplice,	  STAR,	  Novoalign)	  

Remove	  Duplicates	  (Picard)	  	  

Indel	  Realignment	  (GATK)	  

Base	  Recalibra-on	  (GATK)	  

Data	  pre-‐processing	   Variant	  Detec-on	  

Call	  SNVs	  and	  INDELs	  

Func-onal	  Annota-on	  
(ANNOVAR)	  

Soma-c	  Muta-on	  
Tumor	  with	  matched	  normal	  

(Bambino,	  MuTect)	  

Variant	  Filtra-on	  



TARGET	  
WT	  

TUMORS	  	  

Bambino	  and	  
Mu	  tech	  for	  
variants	  calls	  

R	  sojware	  
Package	  for	  
methyla'on	  
profiling	  

CBS	  algorithm	  
GISTIC	  II	  for	  
copy	  number	  	  

LOH	  and	  Copy	  
number	  

neutral	  LOH	  

Correla'ons:	  
Methyla'on,	  gene	  
expression,	  
muta'on	  and	  
Copy	  number	  	  	  

TARGET Wilms Tumor (WT) Project 



Integrated	  analysis	  

ALL	  

AML	  

NBL	  

WT	  

OS	  

muta'on	  

Copy	  number	  

expression	  

methyla'on	  

clinical	  

Pathway/Network	  analysis	  

Integrated	  analysis	  

Different	  Cancers	  



Ins-tute	  of	  Medicine	  Report	  
Sept	  10,	  2013	  
Delivering	  High-‐Quality	  Cancer	  Care:	  Char-ng	  
a	  New	  Course	  for	  System	  in	  Crisis	  

Understanding	  the	  outcomes	  of	  individual	  cancer	  pa-ents	  as	  
well	  as	  groups	  of	  similar	  pa-ents	  

1	  

Capturing	  data	  from	  real-‐world	  sebngs	  that	  researchers	  
can	  then	  analyze	  to	  generate	  new	  knowledge	  2	  

A	  “Learning”	  healthcare	  IT	  system	  that	  learns	  rou-nely	  and	  
itera-vely	  by	  analyzing	  captured	  data,	  genera-ng	  evidence,	  
and	  implemen-ng	  new	  insights	  into	  subsequent	  care.	  

3	  



“Learning	  IT	  System”	  
IOM	  Report	  on	  Cancer	  Care	  

Search	  Prior	  Knowledge:	  Enable	  clinicians	  to	  use	  
previous	  pa-ents’	  experiences	  to	  guide	  future	  care.	  

1	  

Care	  Team	  Collabora-on:	  Facilitate	  a	  
coordinated	  cancer	  care	  workforce	  &	  mechanisms	  for	  
easily	  sharing	  informa-on	  with	  each	  other.	  

2	  

Cancer	  Research:	  Improve	  the	  evidence	  base	  for	  quality	  
cancer	  care	  by	  u-lizing	  all	  of	  the	  data	  captured	  during	  real-‐
world	  clinical	  encounters	  and	  integra-ng	  it	  with	  data	  captured	  
from	  other	  sources.	  
	  

3	  



What’s next? 
Searching 1	  

Mining 2	  

Prediction 3	  



Can searching  
prior knowledge 
help future 
patients? 



Nemlix’s	  Cinematch	  sojware	  analyzes	  each	  customer’s	  film-‐viewing	  habits	  and	  
recommends	  other	  movies.	  

Can we make a Cinematch  
for cancer patients? 



Patients like me 
• Patients with diagnoses, 

symptoms and labs like yours are 
eligible for these trials… 

• Patient-centered resources… 



If we can forecast 
the weather, can 
we forecast 
cancer? 



Where is the weather moving? 

Doppler	  &	  Map	  Fusion	  



Animating the Weather 

Dimension	  of	  'me	  assists	  in	  decision	  making.	  



What about the future? 

Present 5 Hours into Future 



What changed? 

Equations 

Satellite data 

Computers 

1	  

2	  

3	  





Modeling Tumor Growth 

Mathematical model: proliferation 
of cells with the potential for 
invasion and metastasis 

Swanson	  et	  al.,	  Bri6sh	  Journal	  of	  Cancer,	  2007:	  1-‐7.	  



Personalized Tumor Model 

Imaging used to seed the model 



Personalized Tumor Model 

Today	   Future	  



Radiation Treatment Effects 

L-Q model used to 
describe cell killing 

New term defines 
cell killing 



 
 

Popula'on	  
Decision	  	  
Support	  

Rapid	  Learning	  Systems	  
Pa'ent-‐level	  data	  are	  aggregated	  to	  achieve	  popula'on-‐based	  change,	  
and	  results	  are	  applied	  to	  care	  of	  individual	  pa'ents.	  

Predict	  
outcomes	  



Precision	  Oncology	  

•  The	  era	  of	  precision	  medicine	  and	  precision	  
oncology	  is	  predicated	  on	  the	  integra'on	  of	  
research,	  care,	  and	  molecular	  medicine	  and	  
the	  availability	  of	  data	  for	  modeling,	  risk	  
analysis,	  and	  op'mal	  care	  

How	  do	  we	  re-‐engineer	  
transla6onal	  research	  policies	  
that	  will	  enable	  a	  true	  learning	  

healthcare	  system?	  



The	  future	  
•  Elastic computing ‘clouds’ 
•  Social networks 
•  Big Data analytics 
 
•  Precision medicine 
•  Measuring health 
•  Practicing protective medicine 
 

Seman'c	  and	  
synop'c	  data	  

Intervening	  
before	  health	  is	  
compromised	  

Learning	  systems	  that	  enable	  learning	  
from	  every	  cancer	  pa'ent	  



Thank	  you	  

Warren	  A.	  Kibbe	  
warren.kibbe@nih.gov	  




